INTRODUCTION
Filaria/mouse experimental models are necessary for the study of mechanisms of immunity and genetics of filarial infections. As indicated in Table I A and B, there have been many attempts to develop such models (the numbers in this table refer to papers quoted below).
Most work has been carried out using Brugia filariae. Results obtained indicate that subcutaneous inoculation of infective larvae (L3) can give rise to a patent microfila raemia only in nude mice (Table I) (5, 6, 8, 14) or thymectomised mice (7). Intraperitoneal inoculation of L3 results in patent microfilaraemia only using the neonate male Swiss mice (11) although microfilariae can be found in the peritoneal cavity of BALB/c mice (9, 22) , CBA/Ca (13) and, asplenic DH mice (9) following this route of inocu lation.
The rodent filaria Acanthocheilonema viteae is also used in mice but surgical implantation of adult filariae are per formed to obtain a microfilaraemia (25, 29) .
Recently, we have found that Litomosoides galizai Bain Bain et al., 1989) . The observation that L. sigmodontis can undergo complete deve lopment in the mouse is not new (1, 4) but possibly due to greater interest shown in Brugia spp., the seminal works of Hawking and Burroughs (1) and Patra and Basu (4) have been largely forgotten. It has been claimed that Litomosoides spp. are of little interest because this genus is zoologically distant from human filarial species. However, the Phasmidian nema todes realise a very homogeneous group (Chabaud, in Grassé, 1965) which exhibit extensive immunological cross reactivity. Furthermore, Litomosoides, Brugia, Wuchereria and Onchocerca belong to the same subfamily (see Key of filariae, by Anderson and Bain, 1977) . Table A , presence ( + ) or absence (0) of microfila riae in the blood, or peritoneal cavity (IP) ; in Table B , level (high, low) and duration (long, short) of microfilaraemia; for O. lienatis microfiladermia expressed by the number of M f/g of ear-skin. In each column, -: no data.
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T.O (outbred)
The L. sigmodontis large size and ease of recovery free of host tissues make it a useful study system. In anticipa tion of immunological and genetic studies, the quantita tive and morphological characteristics of its development have been studied in 10 inbred and congenic mouse strains with three objectives: 1 -To identify susceptible and resistant strains of mice. 2 -To assess whether or not host sex affect the L. sig modontis development.
3 -To determine a possible role of the Major Histo compatibility Complex (MHC).
MATERIALS AND METHODS
Infection of mice
L. sigmodontis is maintained in Meriones unguiculatus and cycli cally passaged through the mite Bdellonyssus bacoti (in Diagne et al., 1989) . The infective larvae were recovered from mites by dissection in RPMI 1640 containing 20 % calf serum. Mice were infected by subcutaneous inoculation of 25 infective larvae into the right side of the lumbar area of one month old animals.
M ouse strains
Ten strains of mice were used with different genetic backgrounds and different H-2 regions of the MHC (code sympols in Festing, 1987 and Lyon and Searle, 1989 ):
-3 c ongenic strains o f the BALB background, with three different H-2 haplotypes: BALB/c (H-2d), BALB/B (H-2b) and BALB/K (H-2k).
2 -3 congenic strains of the B10 background (= C57BL/10):
3 -2 strains of the CBA background: a line of CBA/HN (H-2k) which has the mutation X id (a defect of IgM and IgG 3 in both mouse sexes), and CBA/Ca (H-2k).
4 -C3H/HeN (H-2k).
-DBA/2N (H-2d).
Both sexes of the BALB/c, CBA/HN, C3H/HeN and DBA/2N strains were inoculated. Only male mice o f the other strains were inoculated. 
The haplotype H-2 of the major histocompatibility complex is written in brackets, under the name of each strain. In the column MICE, S: mouse sex (m: male; f: female); Mf: mean microfilaraemia of the mouse sample, expressed for 10 mm3 of blood; % Mf: percentage of mice with microfilaraemia ; % F: percentage of mice with adult filariae; N: number of mice in the sample. In the column FILARIA; % TC: percentage of the adult filariae recovered in the thoracic cavity; Fm and Ff: number o f male or female filariae; F: total number of filariae; F/L3: percentage of infective larvae developed into adults. ± : standard deviation. The paired values which are significantly different are followed by one lower case letter (a, b, c or d).
P arasitological analysis
The following assessments were performed two months after inoculation:
1 -Measurement of microfilaraemia (Table II) : the microfila raemia was determined in 10 mm3 of blood collected from the retro-orbital sinus, stained with Giemsa. When mice had no micro filariae but adults worms, 10 mm3 were collected from the heart for control. The mean microfilaraemia of a given strain of mice (and a given mouse sex) was calculated on the whole sample, inclu ding amicrofilaraemic mice.
2 -Number of adult filariae and localisation in thoracic or N: number of rodents from which a sample of filariae were randomly studied; in BALB/c, K, B strains, respectively 3/7, 3/14 and 0/9 of the mice had blood microfilariae. In the column FEMALE FILARIA: L: body length, in mm. W: body width, in µm. UE, DE, Mf: respectively, mean densities of undivided eggs, divided eggs and uterine microfilariae in the female filariae. nF and NF: number of female filariae with uterine microfilariae and number of studied female worms. In the column MALE FILARIA: Sp. an.: percentage of studied male filariae with abnormal or no spicules. Nf: number of male filariae studied.
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abdominal cavities ; sex ratio: number of males/number of females filariae (Table II) .
3 -Presence and localisation of filarial cysts. 4 -Morphological analysis of filariae (Table III) : measurement of length (L in mm), width (W, in µm) ; analysis of female genital apparatus: estimation of number o f undivided eggs, divided eggs and uterine microfilariae; morphological abnormalities in male filariae: the right, or more often the left spicules were abnormal ; sometimes, one or both spicules were absent.
In each strain, the morphological analysis was performed on filariae randomly sampled from several mice. In the 3 BALB strains, which show patent microfilaraemia, filariae were sampled from mice with and without microfilariae.
Statistical analysis
To compare adult worm burden, microfilaraemia and size of the worms in the different mouse strains, two non-parametric tests were used: test U of Mann-Whitney and test H of Kruskal-Wallis. Confidence intervalle to 95 %.
RESULTS
The pattern of development of the filariae in the diffe rent mouse strains (Tables I I and III) enable these to be divided into those in which a microfilaraemia does or does not develop. Among the last group, a further division can be made into those strains with 96-100 % of inoculated mice harbouring filariae and those in which less than a third of them have filariae.
In each strain, filarial cysts were observed, these were principally localized in the thoracic cavity; the mean number per mice was nearly 1, with extremes of 0.3 in CBA/Ca and 1.7 in DBA/2N.
-Mouse strains presenting WITH BLOOD MICROFILARIAE
These are mice of the BALB background. They have the following features in common: all mice harbour fila riae, with a mean of 3.7 to 5.4/animal; the filariae are primarily localised in the thoracic cavity ; the filarial sex ratio is normal; the female worms measure 58-59 mm in length; and, the males measure 16-17 mm.
The BALB/c strain is the most susceptible with nearly one in two animals presenting with a microfilaraemia (79 mice examined) ; half the female filariae possess micro filariae in their uteri. Some differences linked to the sex of the mouse are seen; in male mice, microfilaraemia is lower: 2.3 vs. 6.7/10 mm3 and no spicular abnormalities are seen in the twelve male filariae studied ; but in female mice, 5 of 12 have abnormal spicules.
In the BALB/K strain, the mean microfilaraemia is 1.2/10 mm3; 28 % of mice were microfilaraemic (18 exa mined) and three of twenty-six female filariae contained microfilariae in their uteri ; the density of divided and undi vided eggs in uteri was low.
The BALB/B strain is rarely microfilaraemic (one of eigh teen mice), the mean microfiraemia was 0.6 mf/10 mm3; one in sixteen female filariae had uterine microfilariae at a low density; a small proportion of male filariae had abnormal spicules (one in eight).
-Mouse strains presenting
WITHOUT BLOOD MICROFILARIAE
A -Strains with 96 to 100 % o f mice harbouring adult filariae
These are the CBA, C3H and DBA strains. All have a high percentage of abnormal males.
All CBA mice harboured adult filariae, generally loca lized in the thoracic cavity ; the sex ratio was normal ; the male filariae were around 16 mm long and some of them had spicular abnormalities. Female filariae were short and without uterine microfilariae in both sexes of the CBA/HN X id mice, although the mean recovery of filariae differed: 8.2 and 3.9 filariae respectively in male and female mice. In the CBA/Ca mice, female filariae were 56.8 mm long and one female filaria in fourteen had microfilariae in their uteri.
In the C3H/HeN strain, all the mice had adult filariae, with a mean number of five, but only 62 % were found in the thoracic cavity; the length of the female and male filariae were around 60 and 18.5 mm respectively, wha tever the mouse sex. In male mice, spicule development was normal and three in eight female filariae had uterine microfilariae, with an exceptionally high density (similar to that observed in Meriones unguiculatus). In female mice, 75 % of male filariae had abnormal spicules and no female filariae had uterine microfilariae (sixteen exa mined).
In DBA/2N mice the mean number of adult filariae was nearly three; some mice were negative; the filariae were equally distributed between the thoracic and abdominal cavi ties ; filarial sex ratio was equal to 5 ; the length of the female and male filariae were around 60 and 17 mm res pectively. No female filaria in the four examined was found with uterine microfilariae or divided eggs, but undivided eggs were present.
B -Strains with less than 30 % o f mice harbouring adult filariae
These are mice of the B10 background. These strains harboured a maximum 0.3 filariae per mouse and the per centage of L3 which develop into adults was less than 1 %. The uteri of the rare filariae were totally empty.
In the B10 strain the only female filaria recovered mea sured 30 mm in length. Three of five male filariae were partly degenerated with their head invaginated ; they measur ed 15 mm in length and their spicules were abnormal.
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In the B10Br strain, the only female and male filariae recovered measured 51 mm and 17 mm respectively; spi cules were normal.
In the B10D2 strain, the spicules of a single degenerated male were normal. Different patterns of development are seen. Patent microfilaraemia is associated with a high percentage of filariae in the thoracic cavity ( ≥ 75 %), a length of females ≥ 58 mm, a normal sex ratio, the presence of divided eggs and micro filariae in the uteri ; spicules are often normal but not always.
In the strains from which recovery of adult filariae was good but no microfilaraemia was detected, there is no common pattern of development. It may be similar to that seen in strains that become microfilaraemic, such as in C3H/HeN male mice; alternatively it may present deve lopmental abnormalities such as a high percentage of male filariae with abnormal spicules (male CBA/HN, male CBA/Ca, female C3H/HeN, female DBA/2N), female fila riae very short and consequently without uterine microfi lariae (CBA/HN Xid) ; and low proportion of female fila riae compared to the males (DBA/2N).
In the resistant mouse strains, the rare filariae recovered are small and degenerated.
These patterns may be related to the genetics of mice.
A -Mice genetic backgrounds and susceptibility or resistance to L. sigmodontis infection Mice of the BALB background are susceptible while mice with the B10 background are almost resistant to infection with L. sigmodontis ; strains with other backgrounds (CBA, C3H, DBA) are intermediate (Table II) .
B -Host-sex effect on L. sigmodontis infection
The effect of host sex was different in the four strains examined (Table II) . The microfilaraemia was higher in female mice in BALB/c, although spicular abnormalities was seen in this mouse sex and not in the male mice.
In CBA/HN strain, male mice had twice the number of adult filariae compared to female mice. In C3H/HeN stain, male mice had higher mean density of uterine micro filariae and no spicular abnormalities.
In DBA/2N, no clear effect of host sex was seen.
C -MHC-linked effect on L. sigmodontis infection
Comparison of the pattern of infection and development of L. sigmodontis in mice of similar H-2 haplotype on the 5 different genetic backgrounds did not reveal any MHC linkage independent of background genes (Table II) .
In the congenic BALB mice, where samples are sufficient for statistical analysis, a presumed MHC linkage (see Festing and Blackwell, 1988, p. 24) was shown: microfilaraemia was respectively 5 mfs, 1.2 mfs, 0.6 mfs/10 mm3 in BALB/c, BALB/K, and BALB/B mice; this is related to the frequency of female filariae with uterine microfilariae: 8/15, 3/26 and 1/16 from BALB/c, BALB/K and BALB/B mice respectively. If female mice are not considered, spi cular abnormalities are seen only in the BALB/B line.
-Comparison with the patterns of development OF OTHER FILARIAL SPECIES
A -Strains of mice susceptible or resistant to filarial infections
Comparison of models has proved difficult for three main reasons. First, about forty mouse strains have been employed but often only once. Second, in order to obtain a patent microfilaraemia, immunodeficient mice and dif ferent routes of inoculation of infective larvae or other filarial stages have been used; and third, the time bet ween the inoculation of parasites and their recovery from mice varies greatly (Table I) . Nevertheless, it seems pos sible to identify some common features with L. sigmo dontis.
BALB/c mice appear to be more susceptible to filarial infections than the B10 strains both following intraperito neal inoculation of B. pahangi infective larvae (Table I ) (9), or transplantation of Acanthocheilonema viteae adult fila riae (29). BALB/c mice are also more susceptible than the CBA/Ca mice to infection with B. pahangi following ino culation of infective larvae (9) or transplantation of deve loped L3 and L4 (24) ; and to B. malayi following intrave nous inoculation of microfilariae (28).
B -Host-sex effect on parasite development
In many case male mice were found to be more suscep tible to infection with filariae. Similar observations have been frequently reported, both in experimental animal infec tions (Ash, 1971 ; Denham, 1974) (ref. 1, 16, 18 in Table I ) and also in human filariases (cf. Nelson, 1962; Brabin, 1990) . It has been suggested that testosterone may favour development of the parasites (Wesley, 1973; Nakanishi et al., 1989) . In the case of L. sigmodontis, the relative susceptibility of female versus male is dependent upon the mouse strain.
C -MHC-linked effect on parasite development
The MHC-linked effect (H-2 region) on filarial develop ment, has been studied using A . viteae in three congenic lines of the BALB and B10 backgrounds (ref. 29 in Table I ) and using B. malayi in C3H mice and C57BL mice (28). In these experiments, mice were infected by surgical implan tation of adult filariae (29) or inoculation of microfila-riae (28). Comparison of levels and duration of microfilaraemia did not revealed any effects of MHC, in contrast to the L. sigmodontis data.
CONCLUSION
In some parasitic groups, such as leishmaniasis or trichinellosis, the experiments with mouse models have suc ceeded in demonstrating that some developmental phases of the parasite may be controlled by two or even a single genes, which are associated or not to the MHC (reviewed in Wakelin and Blackwell, 1988 ). Less precise knowledge has been obtained in filariasis, due to the difficulty in obtai ning complete development of filaria in mice.
With L. sigmodontis, infective larvae inoculated subcu taneously develop into adults and give rise to a patent microfilaraemia in immunologically normal mice. The wide diver sity of developmental patterns, shown by several quantitative and morphological characters, and the identification of inbred strains of mice which are susceptible or resistant to this filaria provide a convenient and practical model for the study of immunology and genetics of filarial infections.
